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7PRG MERCURY AIR CELL 

The present invention relates to button-type electrochemical cells free of added 
mercury, and more particularly to zero-mercury button-type air depolarized cells, 

5 

Air electrochemical cells require a supply of oxygen to perform adequately and 
button air cells are used extensively in such devices as hearing aids. Typical commercial 
button-type alkalme electrochemical cells have a negative electrode (anode) with zinc or 
a zinc alloy as the active material and an alkaline electrolyte, such as potassium 

10 hydroxide. To reduce leakage, especially caused by gassing inside the cell during the 
electrochemical reaction, mercury has been added to the cell. Button cells on the market 
today employ a small amount of mercury. However, it has become apparent that 
mercury can be hazardous to the environment and to the health of humans and animals. 
Therefore, there has been an increased demand by the public and federal, state, and local 

15 governments to substantially decrease or eliminate mercury in all electrochemical cells, 
including button-type cells. 

The elimination of mercury without making any other changes to the 
commercially-available button cell results in cell leakage caused by one or a combmation 

20 of the following: (1) gassing, (2) capillary action of the sealing areas, (3) 

electrochemical creepage driven by the potential difference within the cell and (4) a 
cracked or delaminated hydrophobic (e.g., polytetrafluoroethylene) layer. Furthermore, 
pressure within button air cells can cause delamination of the hydrophobic layer from the 
au: electrode, which creates void space, causing electrolyte to accumulate therein. This 

25 accumulation of electrolyte results in a barrier for air to reach the air electrode of the 
cell. 

Approaches have been taken in an attempt to elimmate the leakage problem in the 
button-type cells, while substantially decreasing or eliminating the mercury content of 
30 the cell at the same time. Mansfield, Jr. et al. U.S. Patent Nos. 5,306,580 and 

5,279,905 disclose an air cell with an indium electroplated inner surface of a refold-type 
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anode cup. However, it was found that although the indium reduces gassing, the indium 
on the inner surface of the anode cup results in an unacceptable level of salting for 
commercially available button air cells that employ the indium electroplating. This is a 
result of increased capillary action, due to the greater roughness of the indium compared 
5 to copper, even though gassing is lower on an indium vs. copper surface. 

Japanese laid-open patent application 10-162869 to Toshiba Battery Company, 
Ltd. discloses an unamalgamated air battery having a refold type anode cup made of a 
triclad (nickel, stainless steel, and copper) layered composition. The anode uses a zmc 
10 powder with a specific bulk density range and electrolytic solution ratio to attempt to 
increase the discharge utilization rate and increase leakage resistance. The teachings of 
this reference alone have not been successfully applied to button cells without producing 
unacceptably high levels of salting. 

15 In U.S. Patent No. 5,168,018, Yoshizawa et al. disclose the addition of an 

inorganic inhibitor, such as In(OH)^, and an organic surfactant, such as perfluoroalkyl 
polyethylene oxide, to a corrosion-resistant zinc alloy-containing anode of an alkaline 
cell with no added mercury to reduce hydrogen gas generation. They infer that part of 
the In(OH)^ is electrodeposited onto the surface of the zinc alloy, raising the hydrogen 

20 overvoltage on the surface of the zinc alloy, while the remaining In(OH)g remains in the 
alkaline electrolyte until it is electrodeposited onto the surface of the zinc alloy that is 
freshly exposed during cell discharge. The surfactant forms a hydrophobic 
monomolecular layer on the surface of the zinc alloy to make the zinc alloy even more 
corrosion resistant. The teachings of Yoshizawa et al. alone have not been successfully 

25 applied to button cells without producing unacceptably high levels of leakage. 

There is a need for a zero mercury, button-type electrochemical cell that is free 
of added mercury, is highly resistant to leakage and salting, provides satisfactory 
electrical performance, and is cost-effective to manufacture and commercialize. 

30 
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The present invention is a button-type electrochemical cell, preferably a button 
air cell, comprising an anode cup having a sealing surface for contact with a gasket o: 
seal, where the sealing surface of the anode cup has thereon no non-m j/te-deposited 
indium, and preferably no non-m j^Yw-deposited metal with a hydrogen overvoltage 

5 higher tlian that of copper. The electrochemical cell of die present invention is free of 
added mercury and has an anode with an active material that preferably comprises low 
gassing zinc. Preferably indium hydroxide is added to the anode mkture. If indium or 
another metal with a higher hydrogen overvoltage is put onto the interior surface of 
anode cups used to make cells according to the present invention, the indium or other 

10 metal is restricted to portions of the inner surface of the anode cup that are not in the 
seal area. 

As used herein, the seal area of the anode cup is that portion of the surfaces of 
the anode cup that is in contact with the gasket, or seal, to form a seal between the anode 
15 cup and the gasket. 

As used herein, in .szm-deposited metal is metal that is deposited on the surface of 
the anode cup, as a result of contact with the anode mixture and/or electrolyte, after 
combining die anode cup with the anode mixture and/or electrolyte. Non-m situ- 
20 deposited metal is metal that is on the surface of the anode cup, or the material from 
which the anode cup is made, before the anode cup is combined with the anode mixture 
and/or electrolyte (e.g., as a result of cladding, coating, electrolytic plating, etc). 

As used herein, an anode cup ""having no non-m .fiVz^-deposited indium (or metal 
25 with a hydrogen overvoltage than that of copper) thereon" is an anode cup having no 
indium (or metal with a hydrogen overvoltage higher than that of copper) on its surface 
that was present on that surface before the anode cup was combined with the anode 
mkture and/or electrolyte. The surface may, however, be a metal which includes 
indium (or a metal with a hydrogen overvoltage greater than that of copper) as an 
30 impurity or as a minor ingredient (i.e., less than about 100 parts per million (ppm) by 
weight) m an alloy. 
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Another aspect of the present invention is the method of forming an 
electrochemical cell comprising the steps of: (a) forming an anode with an active 
material comprising zinc; (b) providing an anode cup with an inner surface, comprising 
an area, free of indium or any other metal with a hydrogen overvoltage higher than that 
5 of copper, for sealing against a gasket; (c) cleaning the inner surface of the anode cup; 
(d) providing an electrolyte, an ah: electrode, and a cathode can; and (e) combinmg the 
anode, an: electrode, electrolyte, cleaned anode cup, and the cathode can to form a 
button-type au: electrochemical cell. The cell that is formed is free of added mercury. 

The present invention will be further understood and appreciated by reference to 
10 the embodiments shown in the drawings, in which: 

Fig. 1 is a cross-sectional view of a button-type air electrochemical cell that can 
employ the present invention; 

Fig 2 is a cross-sectional view of an anode cup for a button-type ah: 
electrochemical cell having a refold; and 
15 Fig. 3 is a cross-sectional view of a button-type air electrochemical cell 

employing a refold-type anode cup. 

The electrochemical cells of this invention are preferably substantially free of 
mercury, that is the total amount of mercury in all of the components of the cell is such 
20 that it does not result in a harmful amount of envuronmental pollution when the cell is 
disposed of. Also, the cells of this invention are preferably free of added mercury. 
"Free of added mercury" means that no mercury is added to any of the cell components. 

Typically, a small amount of mercury can be present in natural products. 
25 Therefore, the only mercury contained in the preferred cells of this invention is that 
which is naturally present in the cell components. For the preferred cells of this 
invention, the amount of mercury present will be less than 10 parts per million by total 
weight of the cell, preferably less than 5 parts per million, more preferably less than 2 
parts per million, and most preferably less than 1 part per million. 

30 
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The following method is used to determine the total level of mercury in the cell. 
It has been adapted to button air cells from the trilateral "Battery Industry Standard 
Analytical Method for the Determination of Mercury, Cadmium and Lead in Manganese 
Cells Using AAS, ICP-AES and *Cold Vapor'", dated April 1998. This standard is 
5 available from European Portable Battery Association (EPBA), Battery Association of 
Japan (BAJ) and National Electrical Manufacturers Association (NEMA, USA). Twenty 
grams of zinc powder, 40 grams of MnO^ and six grams of KOH are weighed into a 
two-liter beaker. Five hundred milliliters of deionized water and four hundred milliliters 
of HNO^ are added to the beaker. Hydrogen peroxide (H^O^ is added drop-wise to the 

10 solution until no bubbling occurs upon the addition of the hydrogen peroxide. The 
beaker is also placed on a hot plate to aid the dissolution. The matrix solution is then 
transferred to a two-liter volumetric flask and diluted to volume. Six standard solutions 
containing 0 to 0.7 micrograms of mercury are prepared by placing 0, 50, 100, 250, 
500, and 700 microliter aliquots of a 1 part per million Hg standard into sfac 300-ml 

15 bottles. One hundred milliliters of the matrbc solution from above are added to each 
bottle. The cell to be analyzed is weighed and opened inside a plastic bag. For button 
and coin cells, a sufficient number of cells are combined to yield approximately 2.3 
grams of anode. The method parameters associated with the AAA cell, described in 
section 8 of the method, can then be used for the collection of button or coin cells. The 

20 negative terminal with the conductor is removed and the separator paper containing the 
anode is also removed. The anode slurry material on the separator is scraped off into a 
centrifuge tube and the tube is centrifuged to separate the gellant from the zinc. The 
gellant portion is put into a microwave vessel and the remaining components of the cell 
and the zinc portion are placed into an Erlenmeyer flask. Nitric acid and water are 

25 added to the Erlenmeyer flask. Hydrogen peroxide is then added drop-wise to the 
sample solutions until the reaction has been completed (i.e. no bubbling upon the 
addition of H^O^. The sample is heated on a hot plate and allowed sufficient time for 
reaction and dissolution. The gellant obtained above is decomposed by a closed vessel 
microwave technique using HNO^ and H^O^, The decomposed gellant solutiQU is 

30 . transferred into the same Erlenmeyer flask as the remaining sample. The sample 

solution is then mixed thoroughly and allowed to cool The solution is then filtered and 
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diluted to the final volume. An AAS cold vapour apparatus is set up in accordance with 

the manufacturer's manual. The standards are then analyzed by adding 5 milliliters 5 

sulfuric acid, mixing, adding 5 milliliters 35% nitric acid, mixing, adding 1 milliliter 

5% potassium permanganate solution, adding 2 milliliters hydroxylamine sulfate 

5 solution, mixing until clear, and adding 5 milliliters stannous chloride solution and 

immediately attaching an aeration apparatus to the bottle. The solution is allowed to 

stand and when the recorder pin has leveled off, the aeration apparatus is removed. A 

l(K)-ml aliquot of each sample is transferred to a 300-ml bottle and then analyzed 

similarly to the standards. The mercury content of the sample (in parts per million) is 

10 then calculated according to the following formula, based on total cell weight (TCW), 

ppmHg = (a-b) x V 

vxTCW(g) 

where "a** is micrograms of mercury in the sample aliquot, "b" is the micrograms of 
15 mercury in the blank aliquot, "v'' is the volume of the aliquot in milliliters taken for ' 
mercury analysis, and "V is the total sample volume in milliliters. For button and coin 
cells, the aggregate weight of the cells used for the test will define TCW. 

Fig. 1 shows a preferred embodiment of the structure of a button air cell that can 
20 employ the present invention. The air cell 10 shown in Fig. 1 includes a cathode can 
12, which is preferably formed of nickel-plated steel such that it has a relatively flat 
central regipn 14 which is continuous with and surrounded by an upstanding wall 16 of 
uniform height. Alternatively, the. central region 14 of the can bottom may protrude 
outward from the peripheral part of the can bottom. At least one hole 18 is punched in 
25 the bottom of cathode can 12 to act as an air entry port. 

An air electrode 20 is disposed near the bottom of the cathode can 12. The air 
electrode 20 may be any material suitable for use in an air electrode, but is preferably a 
mkture of carbon, manganese oxide (MnOJ, and tetrafluoroethylene (TFE). The 
30 mfacture also optionally contains a surfactant often present in the TFE. Air electrode 20 
also preferably has a polytetrafluoroethylene (PTFE) layer 22 laminated thereon. The 
PTFE layer 22 is laminated on the underside (near the bottom of the cell) of air electrode 
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20 as shown in Fig. 1. Air electrode 20 also preferably contains a metal screen, 
preferably made of nickel expanded metal, embedded therein on the opposite side of 1 
PTFE laminated layer. The air electrode may also optionally contain a barrier 
membrane (not shown), such as a PTFE film, between PTFE layer 22 and flat central 
5 region 14 of the bottom of the can 12. At least one layer of separator 24 is positioned 
above air electrode 20. Preferably, a layer of porous material is positioned between air 
electrode 20 and the bottom of can 12 to evenly distribute air to electrode 20. 

Cell 10 also includes a cup-shaped metal component 26, which forms the top of 

10 the cell and is generally refened to as the anode cup. The anode cup 26 is preferably 
made of a triclad material comprising copper that has been laminated onto the bare side 
of a nickel-clad steel strip. The nickel layer protects the exterior surface of the steel 
strip and is on the side of the anode cup that forms the exterior of the cell 10 at its top. 
The copper layer faces the interior of the cell 10 and therefore forms an inner surface 36 

15 of anode cup 26. Therefore, from exterior to interior, the triclad anode cup is 

preferably Ni/stainless steel/Cu. Other laminated materials may be used to form the 
anode cup 26, including a bilaminate of copper on a stainless steel substrate or a 
laminate made of more than three layers. As discussed below, before assembling it with 
other cell components, the anode cup interior is preferably free of indium and all other 

20 metals having a hydrogen overvoltage higher than that of copper, at least at the portion 
of the anode cup contacting the seal. Metal having a hydrogen overvoltage higher than 
that of copper may be present in the seal area of the anode cup as a result of in situ 
deposition of those metals during or following addition of anode mixture and/or 
electrolyte to the anode cup. Preferably, however, no in situ-dtpositod metal having a 

25 hydrogen overvoltage higher than that of copper is present on the surface of the seal area 
of the anode cup. During manufacture of the cell, anode cup 26 is preferably inverted, 
and then anode mbcture 28 and electrolyte are put into cup 26. Electrolyte can creep or 
wick along the inner surface 36 of the anode cup 26, carrying with it materials contained 
in anode mixture 28 and/oi: the electrolyte. Ions of metals (such as indium and zinc) 

30 having a hydrogen overvoltage higher than that of copper can plate onto inner surface 36 
of anode cup 26 wherever the electrolyte comes in contact with cup 26. 
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An anodic mixture 28 is included within the interior of cell 10. The anode 
mixture 28 comprises a mixture of zinc, electrolyte, and organic compounds. The an 
mixture 28 preferably includes zinc powder, a gelling agent such as Carbopol®, and a 
gassing inhibitor such as indium hydroxide (In(0H)3) in amounts of about 99.7 weight 
5 percent zinc, about 0.25 weight percent Carbopol®, and about 0.045 weight percent 
indium hydroxide. Carbopol® is an acrylic acid polymer in the 100% acid form and is 
available from B. F. Goodrich. 

A zinc powder according to the present invention has no mercury added to it. 

10 The preferred zinc powder is a low gassing zinc powder. Preferably the zinc produces 
no more than 0.5 cc of gas per 5 grams of zinc, and more preferably no more than 0.15 
cc of gas per 5 grams of zinc, as determined by the following test method. Zinc 
powder, in an amount of 5.00 ± 0.02 g is placed into a 50-ml volumetric flask with all 
but ?4 " of the neck removed therefrom. The volumetric flask is filled to the brim with a 

15 potassium hydroxide solution (45 % by weight KOH), and all bubbles are dislodged by 
tappmg the flask. An 8-ounce plastic jar is filled approximately three-quarters fiill with 
the KOH solution and flie flask is placed therein. The KOH should cover the rim of the 
neck of the flask. A graduated centrifuge tube is then filled with KOH solution, 
inverted, and sealed. The inverted centrifuge tube is immersed into the plastic jar, and 

20 unsealed. The centrifuge tube is then lowered over the volumetric flash to rest on the 
shoulder of the flask. Excess KOH in the jar is removed so that the liquid level is less 
than % " above the open end of the inverted centrifuge tube. A jar cover is placed over 
the centrifuge tube and twisted, securing the cover on to the jar. The jar is placed onto a 
tray, which is placed into an oven at 71 for 24 hours. After 24 hours, the sample is 

25 removed from the oven and given 12 sharp raps to dislodge gas bubbles. The samples 
are then cooled for 45 minutes. The samples are then rapped another 13 times and the 
volume of gas collected is read using the bottom of the meniscus of the liquid. 
However, before it is recorded, the volume must be corrected according to the formula: 

Veorr = V„,d X P/760 X 298/(T + 273), 

30 where P is the atmospheric pressure in millimeters of mercury and T is the ambient 
temperature in centigrade at the moment of reading the volume. 
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The zinc powder preferably is a zinc alloy with about 400 to about 550 parts per 
million (ppm) lead. The zinc powder preferably contains a maximum of 1.5 (more 
preferably a maximum of 0.5) weight percent zinc oxide (ZnO). Furthermore, the zinc 
powder may have certain impurities. The impurities of chromium, n-on, molybdenum, 
5 arsenic, antimony, and vanadium preferably total 25 ppm maximum based on the weight 
of zinc. Also, the impurities of chromium, iron, molybdenum, arsenic, antimony, 
vanadium, cadmium, copper, nickel, tin, and aluminum preferably total no more than 68 
ppm of the zinc powder composition by weight. More preferably, the zinc powder 
contains no more than the following amounts of iron, cadmium, copper, tin, chromium, 
10 nickel, molybdenum, arsenic, vanadium, aluminum, and germanium, based on the 

weight of zinc: Fe - 3.5 ppm, Cd - 8 ppm, Cu - 8 ppm, Sn - 5 ppm, Cr - 3 ppm, Ni - 6 
ppm. Mo - 0.25 ppm, As - 0.1 ppm, Sb - 0.25 ppm, V - 2 ppm, Al - 3 ppm, and Ge - 
0.06 ppm. 

15 The electrolyte composition is preferably a mfacture of about 97 weight percent 

potassium hydroxide (KOH) where the potassium hydroxide is a 33 % aqueous solution, 
about 3.00 weight percent zinc oxide (ZnO), and a very small amount of Carbowax® 
550, which is a polyethylene glycol compound available from Union Carbide Corp., 
preferably in an amount of about 10 to 500 ppm, more preferably about 30 to 100 ppm, 

20 based on the weight of zinc in the anode. 

Cell 10 also includes a tubular shaped gasket 30 made from an elastomeric 
material which serves as the seal. The bottom edge of the gasket 30 has been formed to 
create an inwardly facing lip 32, which abuts the run of anode cup 26. Optionally, a 
25 sealant may be applied to the sealing surface of the gasket, can and/or anode cup. 

Suitable sealant materials will be recognized by one skilled in the art. Examples include 
asphalt, either alone or with elastomeric materials or ethylene vinyl acetate, aliphatic or 
fatty polyamides, and thermoplastic elastomers such as polyolefins, polyamine, 
polyethylene, polypropylene and polyisobutene. 

30 
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The cathode can 12, including the inserted air electrode 20 and associated 
membranes is inverted and pressed against the anode cup/gasket assembly, which is 
preassembled with the cup inverted so the rim of the cup faces upward. While inverted, 
the edge of the cathode can 12 is deformed inwardly, so the rim 34 of the cathode can 12 
5 is compressed against the elastomeric gasket 30, which is between the cathode can 12 
and the anode cup 26, thereby forming a seal and an electrical barrier between the anode 
cup 26 and the cathode can 12. Any suitable method may be used to deform the edge of 
the can inward to seal the cell, including crimping, colleting, swaging, redrawing, and 
combinations thereof. Preferably the cell is sealed by crimping or colleting with a 
10 segmented die so that the cell can be easily removed from the die while a better seal is 
produced. 

As used herein, a segmented die is a die whose forming surfaces comprise 
segments that may be spread apart to enlarge the opening into/from which the cell being 

IS closed is inserted and removed. Preferably portions of the segments are joined or held 
together so they are not free floating, in order to prevent individual segments from 
moving independenfly and either damaging the cell or interfering with its insertion or 
removal. Preferred crimping mechanisms and processes are disclosed in commonly 
owned U.S. Application No. 09/495,528, filed January 31, 2000, which is hereby 

20 incorporated by reference. 

A suitable tab (not shown) can be placed over the opening 18 until the cell is 
ready for use to keep air from entering the cell before use. 

25 In the preferred embodiment and as shown in Fig. 1, the button-type au* 

electrochemical cell of the present invention includes a straight-walled anode cup 26, 
that is, it has no refold. A straight-walled anode cup can offer several advantages over a 
refold anode cup (see Fig. 2) with respect to minimizing leakage. The sharp rim of a 
straight-walled cup can more effectively penetrate into the surface of the gasket than the 

30 more rounded rim 140 of a refold cup 126 when pressure is applied during cell closing, 
producing a tighter fit and making it more difficult for electrolyte to get through the 
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interface. Because there can be less compression of the gasket 130 between the can and 
the cup in the area just above the terminal edge of the outer portion 144 of the "U" 1 
in the refold portion 146 of the wall of the cup, electrolyte that reaches this point can 
more easily travel the remaining distance to reach the outside of the cell (see Fig. 3), 
5 However, it is contemplated that the present invention can be incorporated into cells 
having an anode cup with the refold feature. As used herein, a "straight-walled anode 
ctq)" is an anode cup whose cut terminal edge defines the opening in the cup, and a 
"refold" 146 is a portion of (he wall of the anode cup that is folded back upon itself in a 
U-sh^ed configuration so that the opening in the cup is defined by the bottom of the 
10 "U" 142. 

The inner surface 36 of the anode cup 26 is free of indium and preferably free of 
all metals having a hydrogen overvoltage higher than that of copper, at least where it 
contacts the gasket 30 (Fig. 1). The inner surface 36 is also cleaned sufficiently to 

15 remove contaminants, such as lubricants, which can cause gassing, to reduce leakage 
from the celL The preferred method of cleaning the inner surface 36 of the anode cup 
26 is by vapor degreasing, although it is contemplated that other methods of cleaning the 
Ulterior surface of the anode cup may be used, as long as the surface is cleaned 
sufficiently to reduce leakage of the cell. It is believed that the cleaning, in addition to 

20 improved crimping methods for sealing the cathode can top reduces the salting tendency 
of the cell, even when no mercury is added. 

Furthermore, the air cell of the present invention has reduced salting. Salting is 
a form of leakage in which the amount of material escaping from the cell is small, and 

25 the rate is slow, allowing liquid to evaporate as the material escapes so there is generally 
not a wet appearance. The same things that cause leakage can cause salting. Salting is 
particularly critical for miniature cells, whose cell containers are not concealed by 
jackets. Customers' and consumers' standards with respect to salting are quite high. In 
addition to directly affecting sales, the presence of salt can adversely affect contact 

30 resistance and can lead to corrosion of the exterior of the cells. Additionally, when a 
cell salts, electrolyte is lost, reducing the cells' discharge capacity. Salting, for purposes 
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of this invention, is defined as crystals of electrolyte salt visible at 20X magnification or 
less, that are present at either the can-gasket or cup-gasket interface. Comparative 
testing was performed using comparative cells and cells of the present invention. The 
compositions of those cells are shown in Table 1. 
5 TABLE 1 



Cell Component/Feature 


Comparative Cells 


Cells of Invention 


Zinc Composition 






Hg 


3 + 0.5 wt% 


Unamalgamated 


ZnO 


0.5 wt% max. 


0.5 wt% max. 


Pb 


400 to 550 ppm 


400 to 550 ppm 


Fe 


20 ppm max. 


3.5 ppm max. 


In 


200 ± 20 ppm 




Cd 


10 ppm max. 


8 ppm 


Cu 


10 ppm max. 


8 ppm 


Cr 


5 ppm max. 


3 ppm 


Ni 


10 ppm max. 


6 ppm 


Mo 


1 ppm max. 


0.25 ppm 


Sb 


1 ppm max. 


0.25 ppm 


Th 


2 ppm max. 




Sn 


10 ppm max. 


5 ppm 


As 


1 ppm max. 


0.1 ppm 


V 


2 ppm max. 


2 ppm 


Al 




3 ppm 


Ge 




0.06 ppm 


Zinc gassing 




0.15 cc/5 g Zn max. 


Anode composition: 






Zn/electrolyte weight 
ratio: 


3.4 to 3.7 


3.5 to 3.8 


Carbopol 


0.25 wt% of anode 


0.25 wt% of anode 


In(0H)3 


0 


0.045 wt% of anode 


Electrolyte composition: 






33 wt% aqueous KOH 


100 wt9S 


97 wt% 


ZnO 


0 


3 wt% 


Carbowax 


0 


0.1 mg/gof Zn 



There were no significant differences between the comparative cells and the cells of the 
invention with respect to the ak electrode, anode cup, the method of closing the cells, or 
any other material unless specifically noted below. 

10 
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Table 2 shows the results of salting tests performed on four different types of air 
cells, comparing the comparative cells with the cells employing the present inventior 
described in Table 1, using a conventional one-piece crimp die. 

TABLE 2 



Test 


AC675 
(PR44) 


AC13 
(PR48) 


AC312 
(PR41) 


ACID 
(PR70) 


Temp. 


Time 




1 year 


-100% 


-70% 


-41% 


-85% 



Table 2 shows the average improvement in salting (negative numbers indicate less 
salting) for cells made according to a preferred embodiment of the present invention 
compared to conventional cells, based on three lots of 100 cells each for each cell type. 
After one year at 21 ^C, cells with no added mercury unexpectedly and surprisingly had 

10 less salt than conventional cells with 3 % mercury. Similar results were observed when 3 
lots of 50 cells each were tested at ll^C. Testing at this very high temperature is an 
accelerated test, intended to stress the cells, so problems can be identified in a relatively 
short time. After both four weeks and eight weeks at 71 the amount of salting 
Observed on the cells of the invention was generally less than that observed on the 

15 conventional cells. In those few instances where salting after storage at 71 ^^C was 
greater for cells of the invention, the magnitude of the difference was small. This 
testing at both 21 and 71 °C demonstrates that salting and leakage levels for cells of 
the invention are at least as low as, if not lower than, conunercially available cells 
containing added mercury. The cells tested at 71 were closed with a three-piece 

20 segmented crimp die. 



25 



Cells with no mercury added that were closed with a segmented crimp die had 
superior salting performance at 7PC compared to cells made in the same way but closed 
with a conventional one-piece crimp die. These results are shown in Table 3. 

TABLg3 



Time at 7100 


AC675 
(PR44) 


AC13 
(PR48) 


AC312 
(PR41) 


AGIO 
(PR70) 


4 weeks 


-100% 


-68% 


-97% 


-74% 


8 weeks 


-88% 


-62% 


-97% 


-70% 
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The values in Table 3 represent the percent improvement in salting (negative numbers 
indicate less salting) for cells with no added mercury that were closed with a segment 
crimp die rather than a conventional solid crimp die, based on at least two lots of 50 
cells each. 

5 

Discharge capacities were also compared between conventional cells and cells 
employing the present invention, as described above, except that a segmented crimp die 
was used to close all cells. For each cell type, both an application test and a rating test 
were run, as defined in Table 4. All discharge capacity tests were run at 21°C and 50% 
10 relative humidity. 



TABLE 4 



Cell Type 


Application Test 


Rating Test 


AC675(PR44) 


1000 ohms, 16 hours/day, to 
0.9V 


625 ohms, 16 hours/day, to 0.9V 


AC13 (PR48) 


1000 ohms, 16 hours/day to 
0.9V 


1500 ohms, 16 hours/day, to 
0.9V 


AC312 (PR41) 


1000 ohms, 16 hours/day, to 
0.9V 


1500 ohms, 16 hours/day, to 
0.9V 


AGIO (PR70) 


6000 ohms, 16 hours/day, to 
0.9V 


3000 ohms, 16 hours/day, to 
0.9V 



The percent improvement in discharge capacity for the cells of the present 
invention conq>ared to conventional cells containmg 3% added mercury is summarized in 
15 Table 5. 



TABLES 



Test 


Storage 
Time/Temp 


AC675 
(PR44) 


AC13 
(PR48) 


AC312 
(PR41) 


AGIO 
(PR70) 


Application 


Fresh 


+2.3% 


+2.4% 


+5.4% 


+6.7% 


Ratine 


Fresh 


+2.3% 


+3.2% 


+6.0% 


+5.5% 


Rating 


20 days at 
60°C 


+5.8% 


+4.6% 


+10.7% 


+8.8% 


Rating 


60 days at 
60»C 


+7.6% 


+7.3% 


+ 14.5% 


+ 17.7% 



An improvement of about 3% in fresh discharge capacity is expected since the cell 
capacity is limited by the amount of active material in the anode, and in the cells 
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according to the present invention there is more space for active material when mercury 
is removed- As shown in Table 5, for the AC 312 and AC 10 cell types, the capaciti 
for these cells for fresh discharge are about double the amount expected. This is a 
surprising and unexpected result. Even more surprising and unexpected is the fact that 
5 the capacity improvement, as shown in Table 5, in all cell types is even greater after 
high temperature storage. In the past, mercury has been used to provide better shelf-life 
and the results, as shown in Table 5 when mercury is removed, are unexpected. 

The air cell of the present invention provides acceptable leakage rates for 
10 commercialization, very low salting, and increased discharge capacity when compared to 
similar cells containing mercury. Thus, the present invention provides a product that is 
commercially friendly due to tiie absence of mercury and a product that can be 
commercialized due to its low leakage tendency and low salting tendency, while 
maintaining very good service. 
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CLAIMS 



1. 



A button electrochemical cell comprising: 
a cathode can; 
a gasket; 



5 



an anode cup having a sealing surface for contact with the gasket, the sealing 
surface of the anode cup having thereon no non-m situ-dtposited metal wifli a hydrogen 
overvoltage higher than that of copper; 

a positive electrode; 



an anode comprising low gassing zinc, wherein the zinc produces 0.5 cc or less 
gas per 5 grams of zmc after 24 hours at 71°C in aqueous solution of 45 weight percent 
KOH and the electrochemical cell is free of added mercury. 

15 2. An electrochemical cell according to claim 1, wherein the positive electrode is an 
air electrode comprising manganese dioxide, and die electrolyte solution comprises 



3. An electrochemical cell according to claim 1 or claim 2, wherein the zinc 
20 produces 0. 15 cc or less gas per 5 grams of zinc after 24 hours at 7rC in aqueous 

solution of 45 weight percent KOH. 

4. An electrochemical cell according to any preceding claim, wherein the zinc is 
alloyed with lead. 

25 

5. An electrochemical cell according to claim 4, wherein the lead is present in an 
amount of 400 to 550 parts per million by weight relative to the zinc. 

6. An electrochemical cell according to claim 4 or claim 5, wherein the zinc 
30 contains a total of no more than 68 parts per million (ppm) by weight of chromium, 

iron, molybdenum, arsenic, antimony, vanadium, cadmium, copper, nickel, tin and 



10 



an alkaline electrolyte solution; and 



KOH. 
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aluminum, and wherein (he zinc further contains a total of no more than 25 ppm by 
weight of chromium, iron, molybdenum, arsenic, antimony and vanadium. 

7. An electrochemical cell according to claim 6, wherein the zinc contains no more 
5 than 3.5 ppm of iron, 8 ppm of cadmium, 8 ppm of copper, 5 ppm of tin, 3 ppm of 
chromium, 6 ppm of nickel, 0.25 ppm of molybdenum, 0. 1 ppm of arsenic, 0.25 ppm of 
antimony, 2 ppm of vanadium, 3 ppm of aluminum and 0.06 ppm of germanium, based 
on the weight of the zinc. 

10 8. An electrochemical cell according to any preceding claim, wherein the electrolyte 
further comprises a polyethylene glycol compound. 

9. An electrochemical cell accordmg to claim 8, wherein the polyethylene glycol 
compound is present in the cell in an amount of from 10 to 500 parts per million, based 

15 on the weight of the zinc. 

10. An electrochemical cell according to claim 9, wherein the polyethylene glycol 
compound is present in the cell in an amount of from 30 to 100 parts per million, based 
on the weight of the zinc. 

20 

11. An electrochemical cell according to any preceding claim, wherein the electrolyte 
further comprises zinc oxide. 

12. An electrochemical cell according to any preceding claim, wherein the anode 
25 comprises indium hydroxide. 

13. An electrochemical cell according to any preceding claim, wherein the anode cup 
has an inner surface with no non-w j^/>/^-deposited metal with a hydrogen overvoltage 
higher than that of copper thereon. 

30 
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